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BACKGROUND: Bone density has been associated with a successful fusion rate in spine
surgery. Hounsﬁeld units (HUs) have more recently been evaluated as an indirect representation of bone density. Low preoperative HUs may be an early indicator of global
disease and chronic process and, therefore, indicative of the need for future reoperation.
OBJECTIVE: To assess preoperative HUs and their association with future adjacent
segment disease requiring surgical intervention through retrospective study.
METHODS: Patients who underwent lumbar interbody fusion at a single institution
between 2007 and 2016 were retrospectively reviewed. Hounsﬁeld unit values were
measured from preoperative computed tomography (CT) using sagittal images, encircling
cancellous portion of the vertebral body. Patient charts were reviewed for follow-up data
and adjacent-level disease development.
RESULTS: A total of 793 patients (age: 56.1 ± 13.7 years, 54.4% female) were included in
this study. Twenty-two patients required surgical intervention for adjacent segment
disease. Patients who underwent lumbar interbody fusion and did not subsequently
require surgical intervention for adjacent-level disease were found to have a higher mean
preoperative HU than patients who did require reoperation (180.7 ± 70.0 vs 148.4 ± 8.1, P =
.032). Preoperative CT HU was a signiﬁcant independent predictor for the requirement of
adjacent-level surgery after spinal arthrodesis (odds ratio = 0.891 [0.883-0.899], P = .029).
CONCLUSION: Patients who underwent lumbar interbody fusion that did not require
reoperation for adjacent-level degeneration were found to have a higher mean preoperative HU than patients who did require surgical intervention. Lower preoperative CT HU
was a signiﬁcant independent predictor for the requirement of adjacent-level surgery
after spinal arthrodesis.
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ver 400 000 spine fusion surgeries are
performed annually for the treatment of
disk degeneration, stenosis, and spondylolisthesis.1 A growing concern after spinal
fusion procedures is the development of adjacent
segment degeneration. A 2019 systematic review
reported adjacent segment degeneration in 26%
and 33% of patients after lumbar and cervical
fusion surgeries, respectively.2 However, an
important distinction should be noted between
adjacent segment degeneration and adjacent
segment disease, with the former describing radiological ﬁndings and the latter describing
clinical symptoms related to these segmental
ﬁndings. A meta-analysis by Xia et al3 found
ABBREVIATION: HU, Hounsﬁeld unit.
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adjacent segment degeneration and adjacent
segment disease in 27% and 9% of patients after
fusion surgery, respectively.
Plausible risk factors regarding the development
of adjacent segment degeneration have been discussed in the literature and include elevated body
mass index, smoking, sex, diabetes, and low bone
mineral density.4,5 Although clinical studies remain inconclusive on the relationship between
osteoporosis and the development of adjacent
segment degeneration, animal models have shown
lower occurrences with treatment of osteoporosis
before spinal fusion procedures.6
Hounsﬁeld units (HUs), a measure of radiodensity in computed tomography, have been shown
to be a reliable indicator of bone mineral density with
90% speciﬁcity. This is in contrast to dual-energy
x-ray absorptiometry, the current gold standard
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that has been shown to be inaccurate leading to overestimation in
patients with degenerative changes.7,8 Lower HUs on preoperative
radiographic imaging has been associated with increased rates of
postoperative complications.9 However, there is insufﬁcient evidence investigating the association between preoperative HUs and
the risk of adjacent segment degeneration and subsequent disease.
The current literature lacks evidence in the plausible relationship
between bone mineral density with adjacent segment degeneration
and subsequent disease. In addition, there is a lack of evidence regarding the relationship between bone mineral density as measured by
HUs and the need for reoperation in patients with adjacent segment
disease. Hence, we sought to investigate bone mineral density using
preoperative HUs as a risk factor for adjacent segment surgery.

METHODS
A retrospective cohort study was conducted on patients who underwent
single-level, 2-level, and 3-level lumbar interbody fusions from 2007 to
2016 at a single institution. Demographic data including patient age, sex,
procedure type, preoperative computed tomography (CT) HU, postoperative HU, and postoperative adjacent-level disease were reviewed and
collected from the electronic medical records. Patient’s demographic
variables were matched to control for confounding variables between
cohorts with and without adjacent segment disease. Patients with spinal
instrumentation on preoperative CT or patients without preoperative CT
data were excluded from the study. For this study, adjacent segment disease
was deﬁned as radiological degeneration at an adjacent vertebral segment (as
evaluated by an attending neurosurgeon) with concurrent symptomatology.
The Institutional Review Board committee reviewed and approved the
protocols, informed consent, and other documents included in this study.
HUs were measured using a circular region of interest on the patients’
preoperative CT scan with the region of interest measuring 1 ± 0.1 cm2
(Figure 1). HUs were obtained from 5 different locations on the vertebral
level of interest. The average of the 5 measurements represented the HU

measurement for the given vertebra (Figure 2). The preoperative HUs
used in the statistical analysis consisted of the average of the HUs for the
vertebrae above and below the degenerative disk.
Statistical analysis was performed using the statistical package for the social
sciences version 27.0. Continuous variables were presented as mean with
standard deviation. Equality of variances was assessed using the Levene test.
The parametric t-test was performed to compare mean preoperative HUs
between patients who did and did not require adjacent-level surgery. Binary
logistic regression was performed to investigate age, sex, race, preoperative
HU, and initial procedure type as an independent predictor of adjacent-level
disease. A P-value of <.05 was considered statistically signiﬁcant.

RESULTS
Main Results
A total of 1741 patients who underwent lumbar interbody
fusion from 2007 to 2016 were identiﬁed. Nine hundred fortyeight patients were excluded from this study because of absence of
preoperative and postoperative CT. Seven hundred ninety-three
patients (age: 56.1 ± 13.7 years, 54.4% female, 66.1% White)
were included in this study. Of the patients included, 29 underwent anterior lumbar interbody fusion, 405 underwent posterior lumbar interbody fusion, 341 underwent transforaminal
lumbar interbody fusion, 14 underwent direct lateral interbody
fusion, and 4 underwent posterolateral fusion.
Demographic data differentiated by future adjacent segment
surgery are presented in Table 1. Twenty-two patients required
further surgical intervention for adjacent segment disease. Of
these patients, 4 were diagnosed with osteopenia or osteoporosis.
Nine patients underwent their initial procedure using a minimally
invasive approach. The average time between the initial procedure
to the procedure treating the adjacent segment was 30.0 ± 19.5
months. Of these, 14 underwent posterior lumbar interbody fusion, 6
underwent transforaminal lumbar interbody fusion, and 2 underwent
direct lateral interbody fusion for their initial procedure. Patients who
underwent lumbar interbody fusion that did not require reoperation
for adjacent segment disease were found to have a higher mean
preoperative HU than patients who did require additional surgical
intervention (180.7 ± 70.0 vs 148.4 ± 48.1, P = .032).
Logistic Regression Analysis
Binary logistic regression to assess predictors of surgical intervention for adjacent segment disease is reported in Table 2. Our

FIGURE 1. Example region of interest measurement.
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FIGURE 2. Equation to calculate average vertebral HU. HU, Hounsﬁeld
unit.
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TABLE 1. Demographic Data (Continuous Variables Presented as
Mean With Standard Deviation)

Variable

Conﬁdence
Interval (95%)

Required
surgery for
ASD (n = 22)

Did not require
surgery for ASD
(n = 771)

P value

64.2 (11.4)
15 (68.2%)

62.2 (6.4)
450 (64.5%)

.102
.088

14 (63.6%)
8 (36.4%)

458 (59.4%)
313 (40.6%)

.047

Age
Sex (female)
Race
White
Non-White

TABLE 2. Logistic Regression Analysis Assessing Future Surgical
Intervention for Adjacent Segment Disease

Covariates
Age
Gender
Race (White)
Procedure Type
Pre-operative HU

Odds Ratio

Upper

Lower

P Value

1.223
1.00
0.96
0.841
0.891

0.981
0.841
0.854
0.652
0.883

1.460
1.161
1.071
1.032
0.899

0.84
0.581
0.111
0.491
0.029

ASD, adjacent segment disease.
HU, Hounsﬁeld unit.

analysis demonstrated that a lower preoperative CT HU was a
signiﬁcant independent predictor for the requirement of adjacentlevel surgery after spinal arthrodesis (odds ratio = 0.891 [0.883–
0.899], P = .029). Age, sex, race, and initial procedure type were
not found to be signiﬁcantly predictive of future adjacent segment
disease.

DISCUSSION
Key Results and Generalizability
Prevention of adjacent segment disease requires a careful examination and understanding of risk factors. In this study, patients who underwent lumbar interbody fusion that did not
require surgical intervention for adjacent-level degeneration were
found to have a higher mean preoperative HU than patients who
did require surgical intervention. Lower preoperative CT HU was
a signiﬁcant independent predictor for the requirement of
adjacent-level surgery after spinal arthrodesis. The ﬁndings of this
study support the notion of poor outcomes after spinal arthrodesis
in patients with decreased bone radiodensity. Speciﬁcally, the
ﬁndings of this study supplement and reinforce the literature
which has demonstrated that reduced preoperative HUs were
associated with increased rates of pseudoarthrosis, cage subsidence, hardware failure, and adjacent segment fracture.10-13
In addition to our ﬁndings, the literature has recognized other
risk factors associated with adjacent segment degeneration or
disease. Regarding thoracolumbar fusion procedures, preoperative
considerations include elevated body mass index (>25 kg/m2),
smoking, and evidence of disk degeneration at the adjacent
segment. Intraoperatively, multilevel (>4 levels) fusions, violation
of the superior segment facet joint, and surgical reduction of the
degree of lumbar lordosis increase the risk of adjacent segment
degeneration and subsequent disease.4,14 Kim et al15 further
validated these risk factors while investigating the relation between
paraspinal muscle atrophy and the development of adjacent
segment degeneration. A reduction in the cross-sectional area of
paraspinal musculature identiﬁed preoperatively using magnetic
resonance imaging was found to be a signiﬁcant independent
predictor of adjacent segment degeneration.
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Limitations and Future Work
Our study identiﬁed the potential utility of preoperative CT
HUs as a factor in risk stratiﬁcation for developing adjacent segment degeneration or disease after spinal arthrodesis. This ﬁnding
can not only be used for purposes of risk stratiﬁcation but also may
aid in preventive strategies, such as the treatment of any underlying
bone density issues before surgical intervention. In addition, the
ease of obtaining HUs coupled with their relevance as suggested by
this study may lead to a more consistent assessment of bone density
before surgery. Owing to its retrospective design, a limitation of this
study is the exclusion of patients because of missing data such as
preoperative CT or patients lost to follow-up. A future consideration to build on the ﬁndings of this study includes a multifactorial
risk assessment score to predict the development of adjacent segment disease and the timeframe in which this may occur. Before
this, future work is needed to better validate the ﬁndings of this
study in a prospective manner.

CONCLUSION
Patients who underwent lumbar interbody fusion that did not
require surgical intervention for adjacent-level degeneration were
found to have a higher mean preoperative HU than patients who
did require surgical intervention. Lower preoperative CT HU was
a signiﬁcant independent predictor for the requirement of
adjacent-level surgery after spinal arthrodesis. It may be possible to
correlate radiographic density with the chronicity of a patient’s
spine disease, suggesting a possibility of a more rapid further
deterioration and need for additional intervention in surgical
candidates.
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